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ABSTRACT OF THE DISCLOSURE 

A permanent magnet rotor is provided in which at 
least two axially space4 pole plates with peripheral pole 
pieces are secured together with an interposed coaxial 
spacer ring of non-magnetic material to form an en- 
closed cylindrical chamber which is filled by a plurality 
of permanent bar magnets in side-by-side relation ex- 
tending lengthwise between the pole plates and oriented 
such that their north poles contact one plate and their 
south poles contact the other plate. A housing of non- 
magnetic material is secured to the outer face of one 
plate for connection with a rotary shaft 
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The present invention relates to a rotor for an electric 
machine which may be a generator or motor. 

Electric machines have been proposed in which excita- 
tion is produced by a rotor with a permanent magnet 
but such rotors are applicable only to low powered ma- 
chines, of the order of several hundreds of watts (mag- 
netos, toy motors, tachometers, small alternators, selsyns, 
etc.), in view of the characteristics of the permanent 
magnets used in such rotors. 

In the case where the electric machine has a perma- 
nent magnet field, it is particularly advantageous that 
this field be the rotor, which eliminates any problem of 
brushes and slip rings or commutators. However, the me- 
chanical strength of the most promising magnets from 
the magnetic point of view is insufficient for resisting the 
stresses to which large diameter rotors are submitted 
when turning at high speed. In fact, if, on one hand, the 
magnets for example, of steel with cobalt, have good 
mechanical qualities and a good magnetic permeability, 
their coercive field is relatively weak. On the other hand, 
grained or ferrite magnets have a very high coercive 
field which ensures perfect conservation of the mag- 
netization in spite of reverse fields, but their permeability 
is low and they are extremely fragile, which makes it 
impossible to operate them under tensile stress. In ad- 
dition, machining of these magnets is practically impos- 
sible at an economic rate. 

The present invention, due to a particular arrangement 
of the pole elements and a new mounting of the magnets, 
allows one to produce permanent magnet rotors for 
macliines of any power and this in spite of the unfavor- 
able naechanical characteristics of present permanent 
magnets. 

The present invention is directed to a permanent mag- 
net rotor for an electric driving or generating machine, 
comprising at least two coaxial plates of magnetic mate- 
rial centered on the axis of rotation of the rotor, these 
plates being mutually secured by non-magnetic spacer 
means which leaves between adjacent plates a space in 
which is housed at least one permanent magnet having 
its axis parallel to the axis of rotation of the rotor 
and whose north and south polar faces bear respectively 
on the opposing surfaces of the adjacent plates so that 
the said plates present alternately north and south polari- 
ties, e&ch of the said plates being provided with at least 
one pole shoe at its periphery which projects radially in 
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relation to the periphery of the plates, these shoes being 
angularly distributed in regular fashion and alternately 
in polarity, the pole faces of the said rotor being thus 
made up of the said shoes. 

The above plates can be fixed in parallel spaced rela- 
tion to each other by non-magnetic fixing and spacing 
means which define between the plates a space forming 
a closed compartment in which the magnets are housed 
and fixed. 

According to a preferred form of embodiment, the 
rotor is made up of a stack of plates of alternately north 
and south polarity, when magnetized, between each of 
which is fitted a **hed*' of i>ennanent magnets whose poles 
are all aligned in the same direction. 

The magnets, since they are not incorporated in a 
mechanical .mounting but are held together between the 
jdates by" the pressure of one against the other, allows 
selection of magnets of simple shape, for example cylin- 
drical bars of short length in circular section or polyg- 
onal section e.g. hexagonal. 

Since the magnets are not submitted any stress other 
than small compression stresses, it is possible to use 
grained, magnets, such as the ferrites, which have poor 
resistance to tensile stresses but a very high coercive field 
which allows them to resist demagnetization in reverse 
fields.. Another advantage is that, for a relatively high 
field, thehr length is comparatively small, which per- 
mits a large pole area in relation to the length of the 
rotor. In addition, since the magnets are short the space 
occupied by the rotor can be reduced. In rotors according 
to the invention when fitted with ferrites, not only is there 
obtained the advantage of the high coercive field (i.e. 
no effect from reverse fields in the case of a short cir- 
cuit) but also the advantage that the limited magnetic 
permeability of these materials limits the intensity of 
short circuit currents and thus protects the machine^ for 
example an alternator, against accidents in use. 

Several embodiments of the present invention will now 
be described by way of example, with reference to the 
accompanying drawings in which: 

FIO. 1 is a sectional view, on a diametric plane, of 
a rotor according, to a simple embodiment of the in- 
vention. 

FIG. 2 is an exploded perspective view of the rotor 
shown in FIG. 1, 

FIG. 3 is a diametric section of a rotor with 18 poles, 
according to the invention, suitable for a powerful elec- 
trical machine, such as an alternator. 

FIGURE 4 is a section view of the rotor of FIG. 3, on 
line IV— rv of FIG. 3. 

FIG, 5 is a partial external view developed from the 
rotor shown in FIG. 3. 

FIG. 6 is a perspective view of one of the pole shoes of 
the rotor shown in FIG. 3. 

In the simple exemplified embodiment of the invention 
shown in FIGS. 1 and 2 there is shown a rotor which 
comprises a first circular plate 2 of a magnetic material 
such as mild steel, and a second circular plate 4. These 
two plates, 2 and 4, are fixed to each other in parallel 
alignment by non-magnetip means such as bronze bolts 
or stainless steel bolts 6 passing through holes 9 ma- 
chined in the plates 2 and 4. A spacer ring 10 of non- 
magnetic material such as bronze, maintains a fixed dis- 
stance between the opposing faces of plates 2 and 4. The 
space thus formed constitutes a chamber in the shape 
of a cylindrical disc in which are housed, as will be seen 
later, the permanent magnets. 

At least one of the plates, for example plate 4, is in- 
tegral with a machine shaft 12, by means of a disc 14 
for example,, preferably of non-magnetic metal, secured 
on the outer face of the plate 4. Shaft 12 can be a driving 
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shaft, should the machine equipped with the rotor be a 
motor ("w^ose fixed annature is shown by reference 16) 
or a driven shaft in the case where the machine is a 
generator such as a dynamo or an alternator. 

Bach of the plates carries at its periphery a certain - 
number of pole shoes 18 — 18' and 20 — 20' which are 
regularly distributed angularly and aligned on the external 
peripheral surface of the rotor when the plates are as- 
sembled. In FIGS. 1 and 2 there is shown a four pole 
rotor. iQ 

A number of individual permanent magnets 22, each of 
the same length, are housed side by side in the above- 
mentioned disc shaped chamber. All the magnets 22 have 
their axes parallel to the axis of rotation XX' of the rotor 
and all their north polar faces bear against the internal 15 
face of one of the plates while all their south polar faces 
bear against the opposing face of the other plate. Due to 
this parallel placing of the magnets one of the plates, for 
example plate 2, assumes north polarity while the other 
plate 4 assumes south polarity. Once the rotor is assem- 20 
bled it presents successively on its periphery: one north 
pole 18, one south pole 20', one north pole 18', one south 
pole 20, which turn in front of windings (not shown) on 
the fixed armature 16. 

One chooses by preference identical magnets in the 25 
shape of cylindrical bars whose length is small in relation 
to the section (the diameter can for example be the same 
as the length), this lengA being identical to the thickness 
of the spacer ring 10. 

In a driving or generating machine, the rotor is sub- 30 
jected to significant demagnetizing influences so it is ad- 
vantageous to use magnets made of a material of very 
high coercive field (for example in excess of 1000 oer- 
steds) such as those known under the name of sintered 
Alnico, grained magnets, and particularly the ferrites. 35 
One may thus avoid the demagnetizing reverse fields, and 
the length of the bars can be much less than with the 
usual materials, which reduces the space occupied by the 
rotor, especially when this is made up of a large number 
of plates as will be seen from FIGS. 3 to 6. 40 

The above materials normally give rise to mechanical 
problems since they are hard, ft^agile and practically im- 
possible to machine except by grinding. The rotor assjem- 
bly in accordance with the invention pbviates these prob- 
lems because sintered magnets can be obtained in quan- 45 
tity with good tolerances (for example .02 mm.) and 
they are applied to the fiat surfaces of the plates which 
can be maghined with great precision. 

The magnets, once they are housed between the plates, 
are not submitted to any tensile or shearing stresses, to 50 
which they have very low resistance, but only to com- 
pression stresses which they can resist if their dimen- 
sional tolerances are such that they are pressed between 
the plates. 

The ferrites have a relatively small magnetic permea- 55 
bility but in a rotor according to the invention there is 
available a support surface for the . pole faces of the 
magnets (while surface may be 80% of the surface of the 
plates) conaderably greater, for example 10 times greater, 
than lie surface of the corresponding pole shoes 18 — 18'. 60 

'In the small interstices between the cylindrical sur- 
faces of the magnetized bars, there can be housed other 
small bars of minimal diameter but: the gain would be 
small and it may be preferable to use bars having, for 
example, a hexagonal section. To fill in the interstices 65 
between the bars when they are cylindrical, a filler ma- 
terial can be used, such as an adhesive or a powder. In 
the case where the manufacturing tolerances would make 
the bars slightly shorter than the thickness of the spacer 
ring 10, one can, before placing the magnets on the plates, 70 
coat the surface of the plates with a thin layer of adhesive 
such as is sold under the registered trade mark of Aral- 
dite to fix the magnets and the plates properly. 

In the case where the rotor is for a low power machine, 
the "bed," as shown in FIG. 2 made up of a large number 75 



of elementary magnets 22, can be replaced by a few 
(magnets only, for example seven magnets of hexagonal 
section, arranged side by side. In the extreme case, and 
for reduced powers there can be interposed between the 
two plates, a single magnet in the form of a disc. 

If shaft 3U of the machine were fitted across plates 
2 and 4, a portion of the space available for housing the 
magnets would be lost and relatively large air gaps must 
be provided to avoid magnetic leaks through the shaft. 

FIGS, 3 to 6 show a rotor according to the invention, 
which can be employed in an alternator or a high power 
motor. 

The rotor comprises a large number of circular plates 
2i, 4i, 22, 42, 23, 43, 24, which are grouped in a stack 
allowing, between each pair of consecutive plates, -a space 
in the shape of a circular disc in the interior of each of 
which is lodged a "bed" of magnets. 

The rotor has seven plates and there therefore exists 
between the plates six spaces 24i, 24a .. . 245, 24e, where 
the magnets are arranged as shown in FIGS. 1 and 2 
i.e. with their axes parallel to the axis X of the rotor. 
The two opposing faces of a plate are in contact with 
the equivalent poles of the magnets, which means that 
successive plates have north and south polarities. 

Thus, plate 4% is in contact on its two opposite faces 
with the south poles of the magnets 22 of the two "beds 
of magnets'* 24i and 24a so that this plate assumes south 
polarity. 

It is of advantage, as shown, to provide an odd number 
of plates so that the rotor presents two end plates of the 
same polarity, thus diminishing the risk of magnetic leaks 
because the end plates 2i and 2^ can be less thick feeing 
magnetized on only one of their faces. 

The inductor shown therefore has four north pole plates 
(2i, 22, 23, 24) and three south pole plates (4i, 42, 43). 

The distance between the plates is maintained by non- 
magnetic spacer means such as spacer rings lOi to lOg, 
made of bronze, the rotor assembly being clamped by tie 
bars 6 with nuts 26 thereon which engage non-magnetic 
metal flanges of end plates 28 and 30, the first of which is 
coupled to shaft 12, which may be driving or driven, of 
the machine, while the second has a stub axle 32 jour- 
nalled in a bearing 34. 

Between the tie rods 6 can -be. fitted positioning pins 
36 with no clamping devices (FIGS. 3, 4 and 5). 

To reduce the possibility of magnetic leaks, the spacer 
rings lOi to lOe, as is shown in FIG. 3, can have a thick- 
ness greater than that of the spaces 24i to 246> wherein 
the magnets are housed, to increase the distance between 
the peripheral parts of the plates carrying the flux. To 
achieve this, the peripheral parts 38 of the plates are 
reduced in thickness as shown sectionally in FIG. 3 and 
in perspective in FIG. 6 for plate 22. 

The invention also permits production of a rotor hav- 
ing a small number of poles (e.g. four as in the embodi- 
ment shown in FIGS. 1 and 2) as well as a rotor with 
a large number of poles (e.g. 18 as in the example in 
FIGS. 3 to 6). 

Each plate, for example the north plate 22 in FIG. 6, 
is fitted with pole shoes arranged at angles, for example 
at 40*, in the example chosen. 

These shoes include a part 40 which projects radially 
in relation to the periphery 42 of the plate and a part 44 
which projects radially and axially in relation to the plate, 
the cylindrical surface 46 of the shoe forming the actual 
pole face. 

In the developed view of FIG. 5 it can be seen that 
the pole shoes 46 of the north plates 2], 22, 23, 24, are 
aligned with pole axes AA", BB' on the cylindrical ex- 
ternal surface of the rotor, while the pole shoes 48 of 
the south plates 4i, 42, 4s are aligned with pole axes 
QQ% RR' equidistant from the preceding axes. In certain 
embodiments these pole axes can be slightly skewed, for 
example along a helicoidal line as is normal for certain 
forms of machines. 
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As shown in FIG. 5, the pole shoes may have a polyg- 
onal cross section, for example octagonal. 

The rotor shown in FIGS. 3 to 6 operates in conjunc- 
tion with a fixed armature 16 of conventional construc- 
tion to constitute a rotary machine, such as an alternator 
or the like without slip rings. 

As in the preceding embodiment, and for the same 
reasons, permanent magnets of ferrite with a high coer- 
cive field are preferably employed. 

I claim; 

1. A permanent magnet rotor comprising at least two 
axially spaced pole plates having peripheral pole pieces, 
the diameter of said pole plates being greater than the 
axial spacing between adjacent pole plates, a spacer ring 
of non-magnetic material loosely interposed between said 
pole plates in coaxial relation therewith and forming with 
said pole plates a cylindrical chamber, assembling means 
including a plurality of tie rods of non-magnetic material 
extending through said pole plates and said spacer ring 
in circumferentially spaced relation to hold said pole 20 
plates and said spacer ring together, a structural element 
of non-magnetic material secured to the outer face of 
one of said pole plates and adapted to constitute a drive 
connection between said rotor and an outside rotary shaft 
coupled with said structural element, and a permanent 25 
magnet body filling said chamber and consisting of a plu- 
rality of bar magnets disposed in side-by-side relation 
and extending lengthwise between said pole plates, said 
bar magnets having the same orientation with their north 
poles in contact with one plate and their south poles in 30 
contact with the other pl^te. 
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2. A permanent magnet rotor according to claim 1, in 
which said permanent bar magnets are formed of a ferrite 
material. 

3. A permanent magnet rotor according to claim 1, in 
which said permanent bar magnets are of hexagonal cross- 
section. 

4. A permanent magnet rotor according to claim 1, 
wherein an odd number of axially spaced pole plates are 
provided, the outermost of which have the same polarity. 
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